REPORT  DOCUMENTATION  PAGE 


I  norm  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  (or  this  collection  of  Information  Is  estimated  to  average  1  hour  per  response.  Including  the  time  lot  reviewing  Instructions,  searching  existing  mu  sources 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  ot  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  ot 
this  collection  of  Information.  Including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports.  1215  Jefferson 
Oavls  Highway,  Suite  120a,  Arlington,  VA  22202-4302.  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington.  DC  20503 


1.  Agency  Use  Only  (Leave  blank). 


2.  Report  Date. 


3.  Report  Type  and  Dates  Covered. 


J.  Title  and  Subtitle. 

Impact  of  Planetary  Boundary  Layer 
^Processes  on  Frontogenesis 

I _ 

)  6.  Authors). 


in 

eg 

eg 

< 

i 

Q 

< 


William  T.  Thompson 

7.  Performing  Organization  Name<s)  and  Addresses). 

Naval  Oceanographic  and  Atmospheric 
Research  Laboratory 

Stennis  Space  Center,  MS  39529-5004 

9.  Sponsoring/Monitoring  Agency  Name<s)  and  Address(es). 


Office  of  Naval  Technology 
Arlington,  VA  22217 


•oceedinas _ 

5.  Funding  Numbers. 

„ . . .  62435N 


Program  Element  No. 


Project  No. 


Access /on  No. 


RM35G81 


DN656755 


8.  Performing  Organization 
Report  Number. 

PR  90:028:432 


10.  Sponsoring/Monitoring  Agency 
Report  Number. 

PR  90:028:432 


11.  Supplementary  Notes. 


12a.  Distribution/Availability  Statement. 


|  12b.  Distribution  Code. 


Approved  for  public  release;  distribution 
is  unlimited. 


13.  Abstract  (Maximum  200  words). 

Several  analytical  and  numerical  studies  of  the  processes  by  which 
frontogenesis  occurs  have  been  performed^  (a  brief  review  appears  in 
Gill  (1982) ). ^However,  some  important  questions  regarding  frontogenesis 
remain  unanswered.  One  of  the  most  fundamental  of  these  concerns  the 
impact  of  planetary  boundary  layer  (PBL)  physics  on  the  evolution  of 
fronts.  ;/ 


14.  Subject  Terms. 

(U)  Higher  Order  closure;  (U)  Boundary  Layer 


$ 

& 


DTir 

elect,-  -t* 

AUG10BS0|jg 


15.  Number  of 


16.  Price  Code. 


17.  Security  Classification 
of  Report. 

_ Unclassified 

NSN  7540-01-280-5500 


18.  Security  Classification 
of  This  Page. 

Unclassified 


19.  Security  Classification 
of  Abstract. 

Unclassified 


20.  Limitation  of  Abstract. 


Standard  Form  298  (Rev.  2-89) 

Prt*c#1b#d  by  ANSI  SUJ.  239-16 
296-102 


IMPACT  OF  PLANETARY  BOUNDARY  LAYER 
PROCESSES  ON  FRONTOGENESIS 

William  T.  Thompson 

Naval  Oceanographic  and  Atmospheric  Research  Laboratory 
Atmospheric  Directorate 

Monterey,  CA  93943 


1.  INTRODUCTION 

Several  analytical  and  numerical 
studies  of  the  processes  by  which  front- 
ogenesis  occurs  have  been  performed  (a 
brief  review  appears  in  Gill  (1982)). 
However,  some  important  questions  rega¬ 
rding  f rontogenesis  remain  unanswered. 
One  of  the  most  fundamental  of  these 
concerns  the  impact  of  planetary  boun¬ 
dary  layer  (PBL)  physics  on  the  evolu¬ 
tion  of  fronts. 

In  g  ral,  one  can  envision  that 

surface  s  s,  static  stability,  and 
turbulent  diffusion  must  be  important  in 
the  formation  of  zones  of  large  horizon¬ 
tal  gradients  in  the  atmosphere.  In 
particular,  the  formation  of  disconti¬ 
nuities  does  not  take  place  in  numerical 
modeling  studies  incorporating  turbulent 
diffusion  since  turbulent  mixing  reduces 
the  magnitude  of  gradients  in  tempera¬ 
ture  and  wind  speed.  Hoskins  and 
Bretherton  (1972)  note  that  the  exist¬ 
ence  of  a  large  Richardson  number  in  the 
vicinity  of  modeled  fronts  implies  that 
turbulent  mixing  would  be  important. 
Steady-state  fronts  were  produced  by 
Williams  (1974)  using  simple  parameteri- 
zations  of  horizontal  and  vertical  dif¬ 
fusion  of  heat  and  momentum.  In  a  two- 
dimensional  modeling  study,  Keyser  and 
Anthes  (1982)  found  that  adding  PBL 
physics  to  an  adiabatic  and  inviscid 
simulation  resulted  in  much  more  realis¬ 
tic  frontal  structure  and  circulation. 

In  the  present  study,  three  dimen¬ 
sional  aspects  of  the  problem  are  inves¬ 
tigated.  In  order  to  isolate  boundary 
layer  processes  important  in  frontogene- 
sis,  several  different  PBL  parameteri- 
zations  are  used  .  Frontogenes is  is 
forced  by  an  unstable  baroclinic  wave. 

A  series  of  5  day  integrations  using  a 
three  dimensional,  hydrostatic,  primi¬ 
tive  equation  model  is  discussed.  In 
each  case,  warm  and  cold  fronts  of  ap¬ 
proximately  equivalent  strength  are 
produced  as  the  wave  amplitude  increas¬ 
es  . 

2 .  RESULTS 

The  simulations  are  initialized  with 
a  baroclinical ly  unstable  state  on  which 
a  3,000  km  perturbation  is  super-impos¬ 
ed.  Given  these  initial  conditions. 


linear  baroclinic  instability  theory 
predicts  an  exponential  doubling  time  of 
43  hours  and  the  time  of  "frontal  col¬ 
lapse"  is  91  hours.  Fig.  1  shows  a  time 
series  of  minimum  surface  pressure  for  3 
different  simulations.  The  curve  label¬ 
ed  "1"  is  for  a  high  vertical  resolution 
adiabatic  and  inviscid  (AIHR)  simula¬ 
tion.  The  curve  labeled  "2"  is  for  a 
high  vertical  resolution  simulation 
employing  a  K-theory  parameterization 
similar  to  that  used  by  the  European 
Center  for  Medium  Range  Weather  Fore¬ 
casting  (Louis,  1979).  The  curve  label¬ 
ed  "3"  is  for  a  low  vertical  resolution 
simulation  employing  a  bulk  PBL  para¬ 
meterization  developed  by  Deardorff 
(  1972  )  . 


TIME  (H) 

Figure  1.  Time  series  of  minimum 
surface  pressure  (mb)  for  three 
s imulat i ons 


Fig.  2  shows  a  cross  section  of 
cold  frontal  structure  for  the  AIHR 
simulation  at  day  4.  Note  that,  without 
PBL  physics,  the  model  produces  an  in¬ 
tense  cold  front  and  a  thermally  direct 
vertical  circulation  (not  shown).  The 
cross-front  temperature  gradient  is 
nearly  independent  of  elevation.  The 
boundary  layer  behind  the  front  is  sli¬ 
ghtly  stable,  however,  and  the  ascending 
branch  of  the  vertical  circulation  is 
weak  and  not  based  at  the  surface.  Fig. 
3  shows  the  cold  frontal  structure  for 
the  bulk  PBL  simulation  at  day  5.  Note 
that  the  PBL  in  the  cold  air  is  well 
mixed  and  that  the  vertical  motion  field 
(not  shown)  exhibits  a  very  compact 
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Figure  2.  Cross  section 
of  potential  temperature 
(K)  for  AIHR  simulation 


Figure  3.  As  in  Fig.  2 
for  bulk  PBL  simulation 


thermally  direct  circulation  near  the 
surface.  The  cross  front  temperature 
gradient  in  much  smaller  than  in  the 
AIHR  simulation  at  the  surface  but  dif¬ 
fers  only  slightly  above  900  mb.  The 
front  has  a  slightly  larger  slope  in 
this  case  as  veil  (note  that  the  verti¬ 
cal  scales  are  not  the  same  in  Figures  1 
and  2  )  . 

Particular  emphasis  is  placed  on 
investigation  of  the  importance  of  sur¬ 
face  heat  flux  induced  by  thermal  advec- 
tion  over  a  surface  having  initially 
uniform  temperature  in  the  E-W  direc¬ 
tion.  Results  using  the  bulk  parame¬ 
terization  indicate  that  the  cold  front 
is  much  stronger  when  surface  heat  flux 
is  not  included.  The  boundary  layer  in 
the  cold  air  behind  the  front  is  neutral 
when  surface  heat  flux  is  active,  as 
shown  in  Fig.  3.  With  no  surface  heat 
flux,  mechanical  mixing  maintains  the 
neutral  structure  only  to  day  4.  The 
PBL  is  stable  thereafter. 


3.  DISCUSSION 

The  results  indicate  that  inclu¬ 
sion  of  even  a  simple  PBL  parameteriza¬ 
tion  in  a  simulation  of  f rontogenes  is 
produces  a  far  more  realistic  depiction 
of  frontal  features  than  does  an  adiaba¬ 
tic  and  inviscid  simulation.  With  the 
additional  sophistication  of  the  K-theo- 
ry  parameterization,  the  ascending 
branch  of  the  direct  vertical  circula¬ 
tion  (not  shown)  has  the  appearance  of 
an  ascending  jet.  A  similar  feature  has 
been  observed  in  advance  of  cold  fronts 
by  Sanders  (1955)  and  Shapiro  (1984)  and 
simulated  by  Keyser  and  Anthes  1982)  and 
Reeder  (1986). 
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